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Abstract
Community level physiological profile (CLPP) is a usefull, sensitive and rapid method to assess functional
diversity of microbial community as results of measured potential metabolic activity. The use of sole carbon substrate to
obtain information about metabolic capacity of soil microflora conducted to the development of different systems which
are able to give rapid and sensitive results without excessive costs. The Biolog system and MicroResp system are used
most often for CLPP analyses. The paper summarizes work principles, advantages and drawbaks of both methods and
highlights the importance of CLPP for soil ecological studies.
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1. Introduction
One of the most important ecological process,
the decomposition of organic matter, is performed
by soil organisms, primary decomposers beeing
considered soil bacteria and fungi.
Soil microflora break down organic molecule
and release soil nutrients wich in turn are used for
syntesis of organic matter by plants. The dynamic of
soil nutrients release depends on soil microbial
biomass and metabolic activity of soil
microorganisms [1].
Classical methods for studying soil
microorganisms structure and activity involve
cultured media, numerical counts, microbial
biomass measurement, enzymatic activity.
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During last years methods based on
molecular assays are getting more popular. In
addition, measurement of physiological activity of
soil microorganism represents another approach
which give possibility to study different aspects of
soil microbial community.
By using this methods functional diversity of
soil microbial community can be assessed in order
to obtain information about metabolic abilities of
the community [5].
In microbial ecological studies functional
diversity is preffered to species diversity because the
first one is related to the soil activity and provide
information about those group of soil
microorganism involved in specific processes.
Unlike this, microbial species diversity is difficult to
be assessed by clasical methods (cultured) while
new molecular methods are expensive and require
special equipement and qualification.
Garland and Mills (1991) showed that
patterns of sole source of carbon utilizations can
indicate differences in community compositions [5].
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differences between habitats and samples and
highlights the advantages of this approach. This
approach was named community level physiological
profile (CLPP) and was used intenselly during last
years in order to describe functional diversity of soil
microbial diversity.
The functional diversity is considered vast if
the microorganisms use efficiently a wide range of
different carbon substrates. This provides also
information about the size of the microbial biomass
and how different soil might respond to different
disturbing factors [3].
As Garland (1997) stated the major strengths
of CLPP approach are its low manpower
requirements and reliance on metabolic traits that
could lead to functionally relevant characterization
of change in microbial community [6].
Different technologies system have been
developed in order to process CLPP. The most
known are Biolog plates (Bilog Inc., USA) and
MicroResp [3]. The following sections discuss the
analytical procedure of both systems.
2.CLPP analysis – Biolog plate technique
The use of sole carbon sources by Biolog was
initially used for identification of clinical important
bacteria. Garland and Mills (1991) used for the first
time the Biolog system to obtain a pattern of
metabolic response useful in characterization of
microbial community from different environmental
samples [6].
They combined different carbon substrates
(carbohydrates, amino acids, carboxylic acids,
amines, esters, alcohols, aromatic chemicals,
amides, brominated chemicals, phosphorylated
chemicals, polymers) in a microtiter plate with a
detection method based upon the reduction of
tetrazolium violet in each well.
The steps for following the procedure start
with making a soil solution, inoculating it in the
wells followed by an incubation period. At the end
of the incubation at a constant temperature, soil
microorganisms oxidize substrates in the plate well
and reduce tetrazolyum dye to a violet formazan.
The change of color of the sensitive indicator
can be measured spectrophotometrically. The
variety of results corresponds to the efficiency of
soil microorganisms in using the carbon sources
resulting in the assessment of the CLPP.
Different kinds of plates are used by Biolog
to identifying gram positive and negative bacteria
and fungi. For ecological studies special kind of
plates was developed by Biolog in order to
investigate very active microorganisms from
community [7].
This plates contain 31 substrate in 3
replicates and 9 of them are known as components
of plant roots exudates.
The advantages of using Biolog method
consist in the possibility to compare different
microbial community from various habitats
according with the pattern of color development in
wells plate.
More than that, the rate of color development
can be used to quantify density of bacterial cells in
inoculum while the diversity of color development
provide information about diversity of
microorganisms in analyzed sample.
Even if Biolog technique is a suitable method
to study soil microbial community some
disadvantages of the method are also discussed in
literature [2, 4].
The problems are related with extraction of
microorganisms from the soil which can affect the
inoculum. In studies about community composition
is necessary to have a standardization of inoculum
density. Often, this is difficult to obtain and results
could be affected.
Campbell et al. (2003) emphasize that
methods relies on growth of organisms in the wells
so that opportunistic microorganisms may be
favored against the specialized one [3].
The same author claim that long incubation
time is often required and problems in colors
development may appears.
3.CLPP analysis – MicroResp technique
The MicroResp technique is another device
used to assess functional microbial diversity of soil
microbial community. In this case, capacity of the
microbial community to metabolize simple organic
compounds is used to assess CLPP.
The method was developed by Campbell et
al. (2003) and has the advantage that whole soil
sample is used [2].
In this case only 15 carbon sources are used
and the response time is obtained after 6 hours. The
system consists in two plates placed face to face
during incubation time.
The deep well plate has a volume of 1.2 ml
and holds the soil samples and carbon sources. The
microplate, named detection plate, holds the carbon
dioxide detection indicator gel. The indicator gel is
a mixture of cresol red, potassium chloride, sodium
bicarbonate and Noble agar. During incubation the
CO2 formed in deep well plates pass through the
silicone rubber to the detection plates and causes a
change of color gel. After incubation period the
change in color development is read at 570 nm with
a spectrophotometer.
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The absorbance data are than transformed in
%CO2 respired. According with calibration curve
the results can be converted from %CO2 in µg/g/h
C-CO2 using gas constants, constants for incubation
temperature in ºC, headspace volume in the well,
fresh weight of soil per well, incubation time and
soil sample % dry weight [8].
In order to place the soil into the deep well
plate a special device is used. This device is made
from plexiglass and consists in 96 holes of 300 μl 
which are placed on the top of the deep well plates.
The bottom of the filling device is closed with a
removable plastic base.
The device is placed closed on the top of the
deep well plates, than is filled with soil, and than the
plastic base is removed allowing soil to fall into the
wells. The carbon sole substrate can be added to the
deep well plates before or after the soil addition.
The commonly used substrates for MicroResp are:
L-Alanine, L-(+) Arabinose, L-Arginine, Citric acid,
L-Cysteine-HCl, D-(-) Fructose, D-(Galactose), D-
(+) Glucose, γ-Amino butyric acid, L-Lysine-HCl, 
L-Malic acid, N-Acetyl glucosamine, Oxalic acid,
Protocatechuric acid, D-(+)-Trehalose.
Compared with Biolog plate MicroResp
technique has the advantage that use the soil as
whole and monitor the activity over the initial
period of substrate addition [3]. In addition, the
results from MicroResp are obtained within a few
hours. The small quantity of soil used for analyses
can be regarded as disadvantage of MicroResp, but
high sample replication compensates this
impediment. The method is low costs, had
accessible compact design and can be adapted to the
needs of different kind of study without any
difficulties.
The MicroResp method is able to provide
insight information regarding spatial and temporal
dynamics of soil microbial community that is
crucial in understanding soil functional biodiversity
and how it can be preserved.
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